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ABSTRACT 
A study of maturity and spawning of P a c i f i c  bonito,  
Sarda chi l iens is  ZineoZata, was conducted from September 
1974 t o  August 1976. Macroscopic examination of the  t e s t e s  
and microscopic observation of the  ovar ies  were found t o  be 
r e l i a b l e  i n  determining the  extent  of sexual  development of 
individual  bonito. Spawning occurred primari ly i n  Baj a 
Cal i fornia  waters, between Thetis  Bank and Hutchin's Bank 
during t h e  spr ing and summer. The study found t h a t  100% of 
t h e  males l a r g e r  than 50 cm (19.7 inches) and at  least 2 
years o l d  and 97.5% of the  females l a r g e r  than 55 cm (21.6 
inches) and older  than age 2 were mature. An analys is  of 
t h e  ova diameters i n  spawning f i s h  indicates  t h a t  bonito 
spawned more than once each season; t h e  exact frequency 
could n o t  be determined. Estimates of fecundity were un- 
sa t i s fac to ry .  
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INTRODUCTION 
The P a c i f i c  bonito i s  a temperate water f i s h  found over t h e  
Western Continental Shelves of both North and South America. The 
bonito i n  the  Eastern North P a c i f i c ,  Sarda chitiensis ZineoZata, is 
genet ica l ly  i so la ted  from the  one i n  t h e  Eastern South P a c i f i c ,  Sarda 
chiZiensis chiliensis, by a t r o p i c a l  species ,  Sarda orientatis vetox. 
Kuo, (1970) repor t s  t h a t  S. c. ZineoZata and S. c. chiliensis a r e  
s i g n i f i c a n t l y  d i f f e r e n t  a t  the  subspeci f ic  l e v e l  based on di f ferences  
i n  head, predorsal  and prepelvic lengths and a di f ference  i n  number of 
vertebrae.  The most recent study (Col le t t e  and Chao, 1975) ind ica tes  
t h a t  the  two populations a r e  not  d i f f e r e n t  subspecies but  does re- 
commend t h a t  the  subspeci f ic  names be kept i n  order t o  d i f f e r e n t i a t e  
between the  northern and southern population. Since the  two populations 
a r e  separated by almost 5,000 km (3,100 miles) and another species  of 
bonito,  the re  is no apparent in terbreeding of the  two populations. 
This study is concerned with t h e  northern population of P a c i f i c  bonito,  
S. c. ZineoZata, which i s  abundant from Point  Conception, Cal i fornia  
t o  Magdalena Bay, Baja Cal i fornia .  
The importance of t h i s  f i s h  i n  t h e  s p o r t  catch from Cal i fo rn ia  
waters s ince  1957 and i n  the  commercial catch from Cal i fo rn ia  and Baja 
Cal i fornia  s ince  1966 has made it des i rab le  t o  obta in  information on 
i ts  l i f e  h i s to ry  f o r  use i n  management. Accordingly personnel of t h e  
Cal i fornia  Department of Fish and Game have recent ly  completed a study 
on bonito age and growth (Campbell and Col l ins ,  1975) and one on migra- 
t i o n  (Campbell and Col l ins ,  i n  press) .  The present work was i n i t i a t e d  
i n  1974 t o  gather information on the:  i )  s i z e  and age a t  maturi ty;  
i i )  length of the  spawning season; i i i )  geographical a rea  of spawning; 
iv )  spawning frequency within a season and; v) fecundity by s i z e s  and 
ages. 
This type of information is  known f o r  the  southern population of 
Pac i f i c  bonito (De Vildoso 1960) but  it  is inconclusive i n  s t u d i e s  of 
the  northern population of P a c i f i c  bonito (Kuo 1970; Sokolovskii 1971). 
METHODS 
Each month f i v e  males and f i v e  females were col lec ted  which f e l l  
i n t o  each of s i x  length ca tegor ies  t h a t  correspond t o  mean length-at- 
each age given by Campbell and Col l ins  (1975). The se lec ted  length 
ca tegor ies  are: i )  <45 cm FL (17.7 inches) ; i i )  45-58 cm FL (17.7- 
22.8 inches) ; i i i )  59-66 cm FL (23.2-26.0 inches) ; i v )  67-71 cm FL 
(26.4-27.9 inches) ; v) 72-75 cm FL (28.3-29.5 inches) and; v i )  >75 cm FL 
(29.5 inches) .  The da te  of capture,  l o c a l i t y  and method of capture,  
fork length,  weight, and sex  of each f i s h  were recorded i n  t h e  f i e l d .  
The heads and gonads were taken t o  t h e  laboratory. 
A t  the  labora tory ,  t h e  o t o l i t h s  were ext rac ted  from the  head and 
the  age determined according t o  procedures of Campbell and Col l ins  (1975). 
The maturi ty of individual  male bonito was determined by a macro- 
scopic examination of t h e  testes based on a generalized c l a s s i f i c a t i o n  
system proposed by Kesteven (1960) which was modified s l i g h t l y  t o  
coincide with the  ex te rna l  appearances of bonito t e s t e s .  Monthly changes 
i n  the  r a t i o  of gonad weight t o  t o t a l  body weight (gonad index) were 
a l s o  used t o  determine maturi ty i n  males ( ~ e  Vildoso 1960; Kuo 1970). 
The maturi ty of females was determined by microscopic examination of the  
index. 
Preparation of Gonads 
Extraneous t i s s u e  was removed from the  gonads before they were 
towel-dried and weighed on an e l e c t r o n i c  balance t o  t h e  nea res t  0.1 
gm (0.004 02.). The testes were examined and then discarded; but  the  
ovaries were slit longi tudinal ly  and placed i n  Gilson's f l u i d  (Simpson 
1951) t o  preserve them, t o  break down i n t e r n a l  connective t i s s u e ,  and 
t o  harden the  c e l l  wal l  of each ovum. The containers of preserved 
ovar ies  were shaken by hand th ree  t i m e s  a week f o r  from 1 t o  6 months, 
u n t i l  t h e  ova were s u f f i c i e n t l y  hardened f o r  handling. 
Subsamp1;Lng Method and Procedures 
To measure t h e  s i z e  (diameter) and number of ova, a technique of 
subsampling was chosen; i t  is  a modification of one used f o r  plankton 
(Wilborg 1951). Glass t i s s u e  dishes,  20 cm (7.9 inches) i n  diameter 
and 8 cm (3.1 inches) t a l l ,  were divided i n t o  10 equal pie-shaped 
sect ions  o r  basins,  by using p l a s t i c  s t r i p s  with epoxy glue. One sub- 
sampling dish  was f i l l e d  two-thirds with water and t h e  preserved ova 
from a f i s h  were placed i n  it. An e l e c t r i c  s t i r r i n g  rod, suspended from 
a metal s tand,  was lowered i n t o  t h e  center  of t h e  d ish  and operated f o r  10 
seconds, t o  randomly d i s t r i b u t e  t h e  ova before allowing them t o  settle. 
One sec t ion  (10% of t h e  t o t a l  sample) was then randomly se lec ted ,  the  
ova from i t  placed i n  a second subsampling dish,  and the  process re- 
peated. The random se lec t ion  of one sec t ion  of ova from t h e  second dish  
represented a subsample of 1%. This procedure was then repeated and the  
ova from t h e  r e s u l t a n t  0.1% subsample were s tored i n  10% formalin. Kuo 
(1970) reported t h a t  formalin does not shr ink ova a f t e r  they have been 
and August, 1976. 
TABLE 1. Number of Fish Sampled by Month, Size Range and Sex With Locality 
and Method of Capture. 
Method 
of Size range 
Year Mo. Date Locali ty capture* (cm F'L) Males Females Total 
1974 Sep. 8-11 Gaviota, CA. PS 54-78 2 5 23 4 8 
24 Redondo Beach, CA. HL 33-38 5 2 7 
Oct. 3-8 Gaviota, CA. PS 56-76 17 18 35 
4 Redondo Beach, CA. HL 37-41 5 3 8 
Nov . 7 Redondo Beach, CA. HL 39-43 5 5 10 
10-12 Gaviota, CA. P S 58-78 2 1 19 40 
Dec . 5 Gaviota, CA, PS 60-78 19 18 37 
13 Redondo Beach, CA. HL 34-44 5 5 $0 
17 Malibu, CA. HL 7 2 1 - 1 
1975 Jan. 12-15 Santa Barbara, CA. P S 57-77 1 7  18 3 5 
2 8 Kedondo Beach, CA. HL 35-57 5 7 12 
2 8 Malibu, CA. HL 57-70 3 1 4 
Feb . 18 Gaviota, CA. PS 55-73 6 12 18 
2 2 Redondo Beach, CA. HL 34-44 5 3 8 1 
Mar. 2 Hutchins Bank, 
Ba j a California GN 67-79 8 14 22 
18 Redondo Beach, CA. HL 36-57 5 5 10 
Apr, 21 Redondo Beach, CA. HL 56-62 3 6 
23 Redondo Beach, CA. HL 57-61 - 3 3 
May 6 Redondo Beach, CA. HL 36-45 1 2 3 
13 Seal Beach, CA. HL 37-53 5 8 13 
15 Cape San Lucas, 
Baj a California PS 48-59 5 - 5 
Jun . 6 Seal Beach, CA, HL 39-47 10 9 19 
2 0 Uncle Sam Bank 
Baj a California PS 64-79 20 18 38 
Jul .  4-5 Thetis  Bank, 
Baj a California P S 64-76 11 10 2 1  
10 Seal Beach, CA. HL 4 4 1 - 1 
10 Thetis  Bank, 
Baj a California P S 65 - 2 2 
TABLE 1. Cont. 
Method 
o f Size range 
Year Mo. Date Locali ty capture* (cm FL) Males Females Total  -
1975 J u l .  11 Malibu, CA. HL 43-47 
11 Thet is  Bank, 
Ba j a Cal i fornia  PS 65-73 
17 San Juanico P t . ,  
Baj a Cal i fornia  PS 66-80 
21 Redondo Beach, CA. HL 41-42 
2 4 Seal  Beach, CA, HL 43-65 
Aug . 7 Hutchins Bank, 
Baj a Cal i fornia  GN 36-39 
23 San Juanico P t . ,  
Baja Cal i fornia  PS 50-73 
2 5 San Juanico P t . ,  
Baj a Calif ornia  PS 66-78 
26 San Hipol i to  P t . ,  
Baj a Cal i fornia  P S 72-79 
Sep. 4 San Juanico P t . ,  
Baj a Cal i fornia  P S 75-78 
5 Morro Hermoso, 
Ba j a  Cal i fornia  P S 67-74 
2 2 Redondo Beach, CA. HL 41-43 
Oct . 27 Santa Barbara, CA. PS 68-78 
Nov . 20 Santa Barbara, CA. P S 56-80 
Dec . No f i s h  sampled 
1976 Jan. 12 Redondo Beach, CA. GN 44-46 
Feb . 11 Thet is  Bank, 
Baj a Cal i fornia  P S 69-78 
Mar. 11 Redondo Beach, CA. HL 43-46 
14 Thet is  Bank, 
Baj a Cal i fornia  P s 55-75 
18 Redondo Beach, CA. HL 43-48 
Apr . No f i s h  sampled 
May 4 Seal  Beach, CA. GN 42-43 
17 Seal  Beach, CA. PS 43-47 
18 Dana P t . ,  CA. GN 45-48 
Jun. 3-10 Malibu, CA. HL 43-48 
11 Malibu, CA. HL 46-47 
2 7 Uncle Sam Bank 
Ba j a Cal i fornia  PS 59-62 
29 Uncle Sam Bank 
Baja Cal i fornia  P S 61-75 
2 9 Malibu, CA. HL 4 4 
TABLE 1. Cont. 
Method 
- of Size range 
Year Mo . Date Locality capture* (cm FL) Males Females Total 
1976 Jul. 4-9 Santa Barbara, CA. P S 47-51 5 5 10 
3 0 Hutchins Bank, 
Baj a California PS 63-76 7 8 15 
Aug. 5-8 Hutchins Bank, 
Baj a California P S 49-55 5 5 10 
8-16 Cedros Isl. , 
Baj a California PS 68-79 5 8 13 
3 1 Geronimo Isl. , 
Ba j a California P S 62-67 6 7 13 
TOTAL 397 395 792 
*PS = purse-seine 
HL = hook and line 
GN = gillnet 
hardened i n  Gilson's  f l u i d  f o r  a t  l e a s t  one month. 
R e l i a b i l i t y  of the  method was t e s t e d  by counting the  ova i n  10 
randomly se lec ted  subsamples from t h e  same bonito. This r esu l t ed  i n  
a coef f i c ien t  of va r ia t ion  equal t o  0.06 and 95% confidence-limits of 
*5%. 
Ova Measurement 
Ova o r  oocytes less than 0.16 mm (0.006 inches) i n  diameter w e r e  
not counted, they were present  i n  g rea t  numbers i n  bonito of a l l  s i z e s ,  
regardless of maturity. A s ieve  of 0 .1  mm (0.004 inches) mesh was used 
t o  separa te  oocytes and p a r t i a l l y  dissolved connective t i s s u e  from the  
l a rge  ova t o  be measured. 
Since t h e  ova were not  always spher ica l ,  an unbiased method of 
measuring diameters on whatever a x i s  was tangent t o  a d iv is ion on an 
ocular  micrometer was used (Clark, 1925). A l l  ova i n  the  0.1% sub- 
sample were measured under a binocular  microscope a t  7X magnification, 
using re f l ec ted  l i g h t  and an ocular  micrometer. Each micrometer d iv is ion 
was equal t o  0.08 mm (0.003 inches);  t h i s  measurement proved f i n e  enough 
* 
t o  reveal  modal groups of ova. 
RESULTS AND DISCUSSION 
Samples from 792 bonito (397 males and 395 females) were co l l ec ted  
from September 1974 t o  August 1976 between Point Conception, Cal i fornia  
and Cape San Lucas, Baja Cal i fornia  (Table 1; Figure 1 ) .  They ranged 
from 33 t o  80 cm (13.0 t o  31.5 inches) fork length and from less than 
1 t o  over 6 years o ld  (Table 1 ) .  A majordty of those l a r g e r  than 60 cm 
(23.6 inches) FL came from purse se ine r s  unloading a t  canneries i n  
Terminal I s l and ,  Cal i fornia  (Table 1 ) .  Samples of these f i s h  were 
unavailable i n  Apr i l  and May of 1975 and 1976. Samples of bonito 
smaller  than 60 cm FL (23.6 inches) were acquired primari ly by angling 
i n  the  heated water discharged from power p lants ;  such warm water 
a t t r a c t s  small bonito (Campbell and Col l ins ,  i n  p ress ) .  Samples a l s o  
were obtained from the  g i l l  n e t  f i shery  f o r  white seabass, Atractoscion 
nobitis, which catches bonito inc iden ta l ly  (Table 1 ) .  
Length and Age a t  Maturity 
To estimate length and age a t  maturi ty,  the  mean gonad index (MGI) 
was p lo t t ed  using length (Figures 2 ,  4) and age (Figures 3, 5) f o r  a l l  
bonito each month. The da ta  show that: during l a t e  summer and f a l l  the  
MGI remained r e l a t i v e l y  s t a b l e ,  reaching'a high of only 0.010 i n  age 
4 males (Figure 3) and 0.032 i n  age 4 females (Figure 5) . Although 
few values were obtained i n  the  e a r l y  winter  months of 1976, t h e  mean 
values i n  1975 indicated l i t t l e  change; values reached 0.017 i n  4-year-old 
males (Figure 3) and i n  those l a r g e r  than 75 cm (29.5 inches) FL (Figure 2 ) ,  
while t h e  h ighes t  value f o r  females was 0.029: these  ranged 72 t o  75 cm 
(28.3-29.5 inches) FL (Figure 4).  
The onset of spawning was indicated  by a marked increase  i n  the  MGI 
of males (Figures 2, 3) and females (Figures 4, 5) during March, 1975, 
compared t o  values obtained the  previous month. The increase  was evident 
only i n  f i s h  l a r g e r  than 66 cm (26.0 inches) FL (Figures 2, 4) and a t  
l e a s t  3 years  o ld  (Figures 3, 5). For approximately 5 months, March 
through Ju ly  of 1975, values ranged from 0.042 t o  0.091 i n  males (Figures 
2, 4) and 0.068 t o  0.099 i n  females ( ~ i g u r e s  3, 5 ) ;  then i n  August, they 
dropped t o  less than 0.009 i n  males and 0.032 i n  females. The commence- 
ment, durat ion,  and termination of spawning were s i m i l a r  f o r  f i s h  sampled 
during 1976 (Figures 2-5). 
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FIGURE 3. Fluctuotions in the Meon Gonod Indices of Mole Bonito by Month ond Age from September, 1974 to August, 1976. 


Apparently spawning commenced l a t e  f o r  f i s h  59 t o  66 cm (23.2 t o  
26.0 inches) FL (Figures 2, 4) and 2 years o ld  (Figures 3, 5 ) .  The 
MGI d id  not show a marked increase  s i m i l a r  t o  t h a t  f o r  l a r g e r  and older  
f i s h ;  t h e  values a l s o  were not  a s  high,  y e t  they ranged from 0.036 t o  
0.068 i n  males and 0.068 t o  0.080 i n  females (Figures 2-5). A s  i n  l a rge r  
and o lde r  f i s h ,  t h e  mean values dropped i n  August (Figures 2-5). 
Bonito 45 t o  58 cm (17.7 t o  23.1 inches) FL and approximately 1 year 
o ld  had M G I  t h a t  increased only s l i g h t l y  (Figures 2-5). However, because 
of sporadic f luc tua t ion  i n  t h e  values,  it  was not  apparent i f  spawning 
had taken place.  The highes t  mean value f o r  t h e  males was 0.016 and f o r  
females it was 0.018 (Figures 2-5). 
The MGI f o r  bonito less than 45 cm (17.7 inches) FL were r e l a t i v e l y  
s t a b l e  throughout a l l  months, with t h e  h ighes t  value f o r  males a t  0.005 
(Figure 2) and females a t  0.006 (Figure 4) .  Spawning was not  evident ,  
Bonito l e s s  than 1 year  o ld  were unavailable t o  t h e  f i she ry  during the  
spawning season (Figures 3, 5 ) ,  but  it  seems unl ikely  t h a t  they would 
mature and spawn during t h e  year i n  which they were born. Monthly changes 
i n  the  MGI showed t h a t  both sexes spawned when a s  small a s  59 cm (23.2 
inches) FL and a s  young a s  age 2, but t h e  evidence w a s  inconclusive a s  t o  
whether smaller and younger bonito had spawned. 
Maturity a l s o  was s tudied by c l a s s i f y i n g  the  testes according t o  
ex te rna l  appearance and r e l a t i v e  s i z e .  Seven s tages  of maturi ty ranging 
from v i r g i n  (Stage A) t o  spent  (Stage G) were d is t inguishable  (Table 2). 
Sometimes i t  w a s  d i f f i c u l t  t o  d i f f e r e n t i a t e  r i p e  males from those i n  the  
spawning s t age ,  because some of t h e  f i s h  from purse s e i n e r s  were s t i l l  
p a r t i a l l y  frozen when observations were made. These were a l l  c l a s s i f i e d  
a s  r ipe ,  so  some add i t iona l  males i n  the  spawning s t age  may ac tua l ly  have 
TULE 2. Stages of Maturity f o r  Males Determined from t h e  External Appearance 
and Size  of the  Testes With Reference t o  Gonad Index* a t  each Stage. 
No. f i s h  Mean gonad Standard 
Stage Morphology sampled Range index deviat ion 
A. Virgin Testes very small  20 <0.00~-0.001 <0.001 <O .001 
and co lo r less  and 
less than 113 length 
of ven t ra l  cavity.  
B. Maturing Testes maroon-colored 41 <0.001-0.002 0.001 <O ,001 
v i rg in  and 113 length of 
v e n t r a l  cavity.  
C a  Early Testes colored deep 43 <0.001-0.009 0.002 0.002 
developing red and length of 
v e n t r a l  cavity.  
D, Late Testes reddish-white 95 0.001-0.031 0.005 0.006 
developing throughout and 213 
+ length of ven t ra l  
cavity.  No m i l t  
appears i n  vent a rea  
. with pressure on 
abdomen. 
E. Gravid Testes completely 
white and f i l l i n g  
ven t ra l  cavity.  Milt 
appears i n  vent a rea  
with moderate pressure 
on abdomen. 
F. Spawning Testes completely 
white and f i l l i n g  
ven t ra l  cavity.  Milt 
appears i n  vent area  
with s l i g h t  pressure 
on abdomen. 
G. Spent Testes white o r  red- 98 0.001-0.080 0.006 
dish-white, f l a c c i d  
and f u l l  length of 
v e n t r a l  cavity.  
* 
Total  
* gonad index = t o t a l  gonad w t .  (gms) 
t o t a l  f i s h  w t .  (gms) 
been sampled. 
The mean, range, and standard deviat ion of the  gonad indices  a t  
each s tage  of maturity were more va r iab le  than expected, e spec ia l ly  a s  
the  spawning s tage  was approached (Table 2) .  It was d i f f i c u l t  t o  f i x  
t h e  l e v e l  of maturity f o r  individual  bonito s o l e l y  from t h e  gonad index, 
so ex te rna l  c h a r a c t e r i s t i c s  of the  t e s t e s  were included. 
Monthly changes i n  gonad appearance showed t h a t  males l a r g e r  than 
66 cm (26.0 inches) FL and a t  l e a s t  3 years o ld  spawned e a r l i e r  than 
smaller and younger f i s h  and t h a t  some males less than 59 cm (23.2 inches) 
FL and approximately 2 years o ld  spawned (Tables 3, 4 ) ;  t h i s  w a s  not  
evident  from t h e  MGI.  
A second method a l s o  was used t o  help determine t h e  maturi ty of 
female bonito. It is  a d i r e c t  method based on s i z e  of t h e  l a r g e s t  ova 
present  (Clark 1925; D e  Vildoso 1960; Kuo 1970). Five s tages  of maturi ty 
were i d e n t i f i e d  from morphological c h a r a c t e r i s t i c s  of t h e  l a r g e s t  ova 
i n  t h e  ovar ies ;  these  ova diameters ranged from less than 0.16 mm fO.O1 
inches) t o  2.00 mm (0.79 inches,  Table 5 ) .  Females were considered 
mature i f  t h e  ova were t ransparent  and contained 1 t o  6 o i l  globules 
Barnhart (1927), Kuo (1970), and Sokolovskii (1971). I found ova t h a t  
f i t  t h i s  desc r ip t ion  ranging from 1.04 t o  2.00 mm (0.41 t o  0.79 inches) 
i n  diameter, while these  authors found mature ova a s  small a s  0.70 mm 
(0.28 inches) and as l a r g e  a s  1.8 mm (0.71 inches) .  
This d i r e c t  method of determining t h e  s t age  of development f o r  the  
\ 
ovar ies  of individual  females showed t h a t  the re  was a wide range of gonad 
indices  encountered a t  each s t age  (A-E) of matur i ty  and that this v a r i a b i l i t y  
increased a s  the  spawning season approached (Table 5) .  A s c a t t e r  diagram 
demonstrates t h e  re la t ionsh ip  between the  maximum ova diameter and t h e  
TABLE 3.  Number of Males Sampled at Each Stage of Maturity by Month 
and Size Class. 
Size class Number fish at each stage of maturity 
Year Mo. (cm a> A B C D E F G Total 
1974 Sept. <45 5 
45-58 
59-66 
67-71 
72-75 
>75 
Oct . <45 
45-58 
59-66 
67-71 
72-75 
>75 
Nov . <45 
45-58 
59-66 
67-71 
72-75 
>75 
Dec . <45 
45-58 
59-66 
67-71 
72-75 
>75 
1975 Jan. <45 
45-58 
59-66 
67-71 
72-75 
>75 
Feb . <45 
45-58 
59-66 
67-71 
72-75 
'75 
TABLE 3. Cont. 
Size class Number fish at each stage of maturity 
Year Mo. (cm n) A B C D E  F G Total 
1975 Mar. ~ 4 5  2 3 
45-58 1 
59-66 
67-71 
72-75 
>75 
Apr . <45 
45-58 
59-66 
67-71 
72-75 
>76 
Jul . <45 
45-58 
59-66 
67-71 
72-75 
.75 
Aug . ~ 4 5  
45-58 
59-66 
67-71 
72-75 
>75 
Sept. 
TABLE 3. Cont. 
Size c l a s s  Number f i s h  a t  each s t age  of maturi ty 
Year Mo . (cm A B C D E F  G Tot a 1  
1975 Oct. 545 
45-58 
59-66 
67-71 
72-75 
>75 
Nov. <45 
45-58 
59-66 
67-71 
72-75 
>75 
Dec. . no f i s h  sampled 
1976 Jan. <45 
45-58 
59-66 
67-71 
72-75 
>75 
Feb . <45 
45-58 
59-66 
67-71 
72-75 
>75 
Mar. <45 
45-58 
59-66 
67-71 
72-75 
>75 
Apr. no f i s h  sampled 
TABLE 3 .  Cont. 
S ize  c l a s s  Number f i s h  at  each stage of maturity 
Year Mo . (cm FL) A B C D E F G Total 
1976 Jun. <45 
45-58 
59-66 
67-71 
72-75 
>75 
Total 
Jul . <45 
45-58 
59-66 
67-71 
72-75 
>75 
Aug . <45 
45-58 
59-66 
67-71 
72-75 
>76 
TABLE 4 .  Number of Males Sampled a t  Each Stage of Maturity by Month 
and Age. 
Number f i s h  a t  each stage of maturity 
Year Month Age A B C D E F G  Total 
1974 Sept . 0 5 
1 
2 
3 
4 
5 
6 
Oct . 0 
1 
2 
3 
4 
5 
6 
Nov . 0 
1 
2 
3 
4 
5 
6 
Dec . 0 
1 
2 
3 
4 
5 
6 
1975 Jan. 0 
1 
2 
3 
4 
5 
6 
TABLE 4.  Cont. 
Number f i sh  at each stage of maturity 
Year Month Age A B C D E F G  Total 
1975 Feb . 0 5 
1 
2 2 4 
3 
4 
5 
6 
Mar. 0 
1 
2 
3 
4 
5 
6 
Apr . 0 
1 
Jun. 0 
1 
2 
3 
4 
5 
6 
Jul. 0 
1 
2 
3 
4 
5 
6 
TABLE 4 .  Cont. 
Number f i sh  a t  each stage of maturity 
Year Month Age A B C D E F G  Total 
19 75 Aug . 0 
1 
2 
3 
4 
5 
6 
Sept. 
Oct . 
Nov. 
Dec. 
19 76 Jan. 
Feb . 
No f i sh  sampled 
5 
TABLE 4 .  Cont. 
Number f i s h  a t  each stage of maturity 
Year Month Age A B C D E F G  Tot a1 
19 76 Mar. 0 
1 
2 
3 
4 
5 
6 
Apr . 
May 
Jul. 0 
1 
2 
3 
4 
5 
6 
Aug . 0 
1 
2 
3 
4 
5 
6 
Total 
No f i s h  sampled 
TABLE 5. Stages of  Maturi ty  f o r  Females Determined from Measurements of t h e  Largest  
Ova Present  Within t h e  Ovaries wi th  Reference t o  Gonad Index a t  each Stage. 
Range of ova C h a r a c t e r i s t i c s  
diameters* of l a r g e s t  ova No. f i s h  Mean gonad Std. 
S t  age (-1 present  sampled Range index dev. 
A. Virgin a l l  <0.16 Opaque, i r r e g u l a r  9 1 0.001-0.008 0.004 0.002 
i n  shape and i n v i s i -  
b l e  t o  t h e  naked eye. 
B. Maturing <0.16-0.72 Opaque, ova l  t o  spher i -  210 0.002-0.028 0.012 0.004 
c a l  i n  shape and v i s i -  
b l e  t o  t h e  naked eye. No 
resorbed eggs present .  
C .  Advanced <0.16-0.96 Translucent  w i th  yellow 7 0.024-0.067 0.041 0.017 
maturing yolk  appearing g ranu la r  
and s e v e r a l  yo lk  g lobules  
formed towards t h e  nucleus 
of t h e  ovum. Oval t o  
s p h e r i c a l  i n  shape. No 
resorbed eggs present .  
D. Mature <0.16-2.00 Transparent  w i t h  1 t o  6 64 0.029-0.114 0.081 0.015 
(spawning) o i l  g lobules  formed n e a r  
t h e  per iphery  of t h e  ovum 
and usua l ly  towards one end. 
Oval t o  s p h e r i c a l  i n  shape. 
May have small number of re- 
sorbed mature ova from a 
previous spawning. 
E. Spent/ <0.16-1.84 Mature and maturing ova i n  23 0.008-0.100 0.036 0.029 
Recovering a s t a t e  of r e so rp t ion .  
To ta l  395 
* ova <0.16 mm were present  i n  such g r e a t  numbers i n  a l l  f i s h  r e g a r d l e s s  of s t a g e  of 
maturi ty  o r  t ime of year  t h a t  measurements were no t  taken. 
gonad index found i n  maturing and spawning individuals  (Figure 6) .  
Spearman rank cor re la t ion  coef f i c ien t s  (rs)  of 0.63 were ca lcula ted  f o r  
both maturing and spawning females and were s i g n i f i c a n t  a t  the  99% 
confidence l e v e l  (Figure 6) .  However, the  degree of associa t ion between 
the  d i r e c t  method (maximum ova diameter) and the  i n d i r e c t  method (gonad 
index), was not  s a t i s f a c t o r y ;  I used the  d i r e c t  method f o r  determining 
length and age a t  maturity. 
A preliminary look a t  the  data  f o r  each s t age  of maturity by month, 
s i z e  category, and age showed t h a t  those females l a r g e r  than 66 cm 
(26.0 inches) FL and a t  l e a s t  3 years o ld  spawned e a r l i e r  than smaller  
and younger ones and t h a t  females f i r s t  mature between 59 and 66 cm 
(23.2 and 26.0 inches) FL and a t  approximately 2 years o ld  (Tables 6 and 
7). 
Thus, male and female bonito l a r g e r  than 66 cm (26.0 inches) FL and 
a t  l e a s t  3 years  o ld  spawned e a r l i e r  than t h e  smaller  and younger ones; 
some males matured when less than 59 cm (23.2 inches) FL and 2 years  old,  
while females were l a r g e r  and o lde r  a t  f i r s t  maturity (Tables 3, 4, 6 and 
7) 
To es t imate  the  percent of males and females by length and age t h a t  
w i l l  spawn during a season, the  month of catch was considered along with 
s tage  of maturi ty,  length,  and age. I concluded t h a t  a l l  maturing f i s h  
would have spawned during t h e  season they were sampled except f o r  those 
t h a t  were s t i l l  a t  an ea r ly  s t age  of sexual development during t h e  l a s t  
2 months of a season: i )  twenty of the  1-year-old males between 36 and 
51 cm (14.2 and 20.1 inches) FL; i i )  two of the  1-year-old females a t  45 
and 48 cm (17.7 and 18.9 inches) FL; and i i i )  two of the  3-year-old 
females 65 and 71 cm (25.6 and 27.9 inches) FL (Tables 3, 4, 6 and 7) .  
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Gonad Index for maturing and mature Females. 
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TABLE 6 .  Number o f  Females Sampled a t  Each S t a g e  of M a t u r i t y  by Month 
and S i z e  Class. 
S i z e  c l a s s  Number f i s h  a t  e a c h  s t a g e  o f  m a t u r i t y  
Year Mo . (cm n) A B C D E T o t a l  
1974 Sep t .  <45 2 
45-58 1 3 
59-66 4 
67-71 4 
72-75 4 
>75 4 
O c t  , <45 3 
45-58 3 
59-66 4 
67-71 5 
72-75 5 
>75 
Nov . 
Dec. 
1975 Jan. 
Feb . 
TABLE 6. Cont, 
S i z e  class Number f i s h  a t  each  s t a g e  o f  m a t u r i t y  
Year Mo . (cm n) A B C D E T o t a l  
1975 Mar. <45 5 
45-58 2 
59-66 
67-71 
72-75 1 
>75 
Apr . <45 
45-58 
59-66 
67-71 
72-75 
275 
J u n  . <45 4 
45-58 5 
59-66 1 
67-71 1 
72-75 
>75 
J u l  . <45 3 
45-58 5 
59-66 
67-71 
72-75 
>75 
Aug . <45 4 
45-58 4 
59-66 5 
67-71 3 
72-75 3 
>75 2 
TABLE 6. Cont. 
Size c lass  Number f i sh  at each stape of maturity 
Year Mo . (em n> A B C D E Total ' 
Sept. <45 3 
45-58 
59-66 
67-71 
72-75 
>75 
Oct . <45 
45-58 
59-66 
67-71 
72-75 
>75 
Nov . <45 
45-58 1 
59-66 4 
67-71 5 
7 2-7 5 4 
>75 5 
Dec. no f i sh  sampled 
1976 Jan. <45 
45-58 5 
59-66 
67-71 
72-75 
>75 
Feb . <45 
45-58 
59-66 
67-71 
72-75 
>75 
Mar. <45 
45-58 
59-66 
67-71 
72-75 
>75 
TABLE 6. Cont. 
Size c lass  Number f i sh  a t  each stage of maturity 
Year Mo . (cm FL) A B C D E Total 
1976 Apr. no f i sh  sampled 
Jun. <45 5 
45-58 5 
59-66 
67-71 
72-75 
>75 
Jul . <45 
45-58 2 3 
59-66 1 
67-71 4 
72-75 2 
>75 1 
Aug . <45 
45-58 1 4 
59-66 5 
67-71 2 
72-75 3 
>75 3 
Total 
TABLE 7 .  Number of  Females Sampled a t  Each S t a g e  o f  M a t u r i t y  
by Month and Age. 
Number f i s h  a t  each stage of maturity 
Year Month Age A B C D E  T o t a l  
1974 S e p t  . 0 2 
1 
Oct. 0 
1 
2 
3 
4 
5 
6 
Nov. 0 1 4 
1 
2 1 
3 9 
4 4 
5 4 
6 1 
Dec. 
197 5 Jan.  
Feb . 
TABLE 7 .  Cont. 
Number fish at each stage of maturity 
Year Month Age A B C D E  Total  
1975 Mar. 0 0 
1 5 5 
2 2 2 
3 2 2 
4 1 2 3 
5 5 5 
6 2 2 
Apr . 0 
1 
2 9 
3 
4 
5 
6 
Jun 0 0 
1 9 9 
2 0 
3 2 1 0  1 2  
4 2 2 
5 4 4 
6 0 
Jul 0 0 
1 8 8 
2 0 
3 1 6 2  9 
4 1 4  1 6 
5 1 1 
6 2 1 3 
Aug. 0 4 4 
1 3 3 
2 4 1 5 
3 7 2 9 
4 2 2 
5 2 2 4 
6 1 1 
TABLE 7. Cont. 
Number fish at each stage of maturity 
Year Month Age A B C D E  Total 
19 75 Sept. 0 0 
1 3 1 4 
2 0 
3 9 9 
4 1 1 
5 1 1 
6 1 1 
Oct. 
Nov. 
Dec . 
19 76 Jan. 
Feb . 
Mar. 
No fish sampled 
TABLE 7 .  Cont. 
Number f i s h  a t  each stage of maturity 
Year Month Age A B C D E  Total 
1976 Apr. No f i s h  sampled 
Aug . 0 
1 1 4 
2 
3 8 
4 2 
5 3 
6 
Total 
The percent of sampled bonito that 'reproduced, by 1 cm (0.04 inches) 
s i z e  category and by age, during 1975 and 1976 was ca lcula ted  from the  
number of known and probable spawners. The estimates show t h a t  near ly  
one-half (44%) of the  males 36 t o  50 cm (14.2 t o  19.7 inches) FL and 1 
year o ld  spawned, while no females of comparable length and age spawned 
(Tables 8 and 9 ) .  Evidently a l l  86 (100%) males l a r g e r  than 50 cm 
(19.7 inches) FL and at  least 2 years o ld  were p o t e n t i a l  spawners, while 
a l l  but two of the  80 (2.5%) females l a r g e r  than 55 cm (21.6 inches) FL 
and a t  l e a s t  2 years o ld  spawned o r  would have spawned during t h e  season 
they were sampled (Tables 8 and 9). 
Although t h e  percent of male and female bonito t h a t  spawn a t  s p e c i f i c  
lengths and ages has not been estimated previously, D e  Vildoso (1960) 
repor ts  t h a t  bonito off  Peru reach maturi ty between 47 and 53 cm (18.5 
and 20.9 inches) FL and Kuo (1970) repor t s  t h a t  female bonito off  
southern Cal i fornia  mature a t  approximately 51  cm (20.1 inches) FL. 
Duration of Spawning 
Two methods were used t o  determine t h e  spawning durat ion o r  season. 
I n  one method, monthly MGI  values demonstrated seasonal  development of 
the gonads f o r  bonito of s p e c i f i c  s i z e  c lasses  (Figures 2 and 4) and 
ages (Figures 3 and 5) .  Commencement of spawning is indicated  by an 
increase  i n  t h e  M G I  f o r  March, 1975 and February, 1976 over values f o r  
previous months, i n  f i s h  l a r g e r  than 66 cm (26.0 inches) JX (Figures 2 
and 4) and at  l e a s t  3 years o ld  (Figures 3 and 5). A gradual increase  
i n  the  monthly MGI  of smaller and younger bonito showed t h a t  they 
probably spawn 2 t o  3 months l a t e r  (Figures 2-5). For bonito l a r g e r  
than 58 cm (22.8 inches) FL (Figures 2 and 4) and a t  l e a s t  2 years o ld  
TABLE 8. Number of Immature,* Maturing** and Mature*** Male and Female 
Bonito Sampled at Each 1 cm (0.4 inches) FL During the 1975 
and 1976 Spawning Seasons With an Estimate of the Percentage 
of Fish that Spawned. 
Estimated % 
Males Females spawned 
Length No. No. No. No. No. No. 
(cm) Immature Maturing Mature Immature Maturing Mature Males Females 
TABLE 8. Cont. 
Estimated % 
Total 10 44 84 5 5 18 6 4 
*Immature males = Stages A and B 
11 females = Stage A 
**Maturing males = Stages C and D 
11 females = Stages B, C and D 
***Mature males = Stages E and F 
" females = Stage D 
Males Females spawned 
Length No. No. No. No. No. No. 
(cm) Immature Maturing Mature Immature Maturing Mature Males Females 
TABLE 9. Number of Immature,* Maturing*" and Mature*** Male and Female 
Bonito Sampled at Each Age During the 1975 and 1976 Spawning 
Seasons With an Estimate of the Percentage of Fish that Spawned. 
Estimated % 
Males Females spawned 
No. No. No. No. No. No. 
Age Immature Maturing Mature Immature Maturing Mature Males Females 
Total 10 44 84 5 5 18 6 4 
*Immature males = Stages A 
I I females = Stage A 
**Maturing males = Stages B, C and D 
I I females = Stages B, C and D 
***Mature males = Stages E and F 
" females = Stage D 
(Figures  3 and 5) ,  terminat ion of spawning was evident  when the  MGI 
abrupt ly  decreased i n  August, 1975 and J u l y ,  1976. This  i n d i c a t e s  
t h a t  i n  1975 t h e  l a r g e  f i s h  spawned dur ing  t h e  5 months March through 
J u l y  and i n  1976 they  spawned dur ing  February through June;  small f i s h  
spawned f o r  on ly  2 o r  3 months during t h e  season. De Vildoso 
(1960) showed such v a r i a b i l i t y  i n  t h e  commencement of  t h e  spawning season 
f o r  t h e  popula t ion  of bon i to  o f f  Peru. Year t o  yea r  d i f f e r e n c e s  i n  t h e  
onse t  of a spawning season may b e  r e l a t e d  t o  environmental cond i t i ons  
such as v a r i a t i o n s  i n  s e a  temperature.  
I n  t h e  second method, t h e  e x t e n t  of t h e  spawning season was de ter -  
mined by no t ing  changes i n  development of t h e  testes. These showed t h a t  
some males l a r g e r  than 58 cm (22.8 inches)  FL and a t  least 2 y e a r s  o l d  
were ready t o  spawn (maturi ty  s t a g e s  E and F) dur ing  December, 1974 and 
January, 1975 and remained i n  t h e s e  s t a g e s  through J u l y  (Tables 3 and 4 ) .  
This  i n d i c a t e s  a longer  spawning season,  by 2 o r  3 months, than  noted 
from changes i n  t h e  MGI (Figures  2-5); however, females of comparable 
s i z e  and age d id  no t  have r i p e  ova u n t i l  March, 1975; they  were no t  ready 
t o  spawn as e a r l y  as t h e  males (Tables 6 and 7) .  Apparently,  spawning 
took p l ace  from March through J u l y  of  1975 and from February through June 
of 1976 (Tables 3, 4, 6 and 7).  This  per iod  compares favorably wi th  t h a t  
determined from MGI. C lea r ly ,  P a c i f i c  bon i to  spawn dur ing  t h e  s p r i n g  and 
summer . 
A s tudy  of t h e  matur i ty  s t a g e s  showed t h a t  bon i to  l e s s  than  67 cm 
(26.3 inches)  and 3 yea r s  o l d  were i n  spawning condi t ion  only dur ing  t h e  
f i n a l  2 t o  3 months of t h e  season,  whi le  l a r g e r  and o l d e r  f i s h  spawned 
dur ing  a 5-month per iod  (Tables 3, 4 ,  6 and 7) .  This  a l s o  w a s  revealed 
by changes i n  t h e  M G I .  
Several sources support my findings on t h e  t i m e  and durat ion of 
spawning i n  Pac i f i c  bonito. De Vildoso (1960) reported f o r  the  
southern population of P a c i f i c  bonito off  the  Peruvian coast  t h a t :  i) 
spawning a c t i v i t y  was concentrated within a 3 t o  5 month period corres- 
ponding t o  our spr ing and e a r l y  summer months, i i )  o lder  f i s h  had a 
longer spawning season than younger f i s h ,  and i i i )  t h a t  males were 
ready t o  spawn earlier than females. Further support comes from Kuo 
(1970) who reported t h a t  P a c i f i c  bonito were i n  spawning condition from 
May through Ju ly  off  southern Cal i fornia  and from Sokolovskii (1971) 
who encountered school8 of spawning bonito and t h e i r  pe lagic  eggs off  
c e n t r a l  Baja Cal i fornia  during March and Apri l .  
Geographic Areas of Spawning 
The f a r t h e s t  south t h a t  spawning males and females were encountered 
during t h i s  study was Cape San Lucas, Baja Cal i fornia  (22'53' N. Lat.) 
and t h e  f a r t h e s t  north was Gaviota, Cal i fornia  (34'28' N. Lat. ,  Tables 
1-5). This is a s t r a i g h t  l i n e  d is tance  of approximately 1,100 km (700 
miles) .  
Eighty-four percent of the  164 mature bonito sampled during t h i s  
study were caught off  Baja Cal i fornia  between Thet is  Bank (24'56' N. Lat.) 
and Hutchin' s Bank (26'22 ' N. Lat . , Figure 1 )  . These f i s h  ranged i n  s i z e  
from 53 t o  80 cm (20.9 t o  31.5 inches) FL and 99 (72%) were l a r g e r  than 
70 cm (27.6 inches) FL (Table 1) ; they ranged i n  age from 1 t o  6 years 
o ld  (Tables 4 and 7). Spawning f i s h  were sampled from t h i s  a rea  during 
a l l  months of both the  1975 and 1976 spawning seasons except Apri l .  This 
area  is  approximately t h e  same one from which Klawe (1961) reported two 
0 
separa te  occurrences of pos t l a rva l  bontto a t  24 30' N. Lat.  and 25'35' N. 
Lat .  and Sokolovski i  (1971) found t h e  p e l a g i c  eggs and l a r v a e  of boni to  
i n  plankton tows between 24' N .  Lat .  and 25' N. La t .  Only two (1%) 
spawning bon i to  were captured o f f  Baja C a l i f o r n i a  o u t s i d e  of t h i s  a r ea ;  
t hese  were taken near  Cape San Lucas, where Pinkas (1961) has  repor ted  
t h e  cap tu re  of  p o s t l a r v a l  and j u v e n i l e  boni to.  
During t h i s  s tudy ,  24 bon i to  i n  spawning condi t ion  were sampled from 
southern C a l i f o r n i a  waters; they  were males captured between Sea l  Beach, 
(33'44' N. La t . )  and Gaviota (34'26' N .  La t . )  (Table 1). However, 16 
were taken i n  December, 1974 and January, 1975, 2 t o  3 months p r i o r  t o  
t h e  capture  of grav id  females. The remaining males were sampled dur ing  
t h e  r egu la r  spawning season and ranged 44 t o  62 cm (17.3 t o  24.4 inches)  
FL and 1 t o  2 yea r s  o l d  (Tables 3 and 4) .  
Previous ly ,  reproduct ion by P a c i f i c  boni to  had been r epor t ed  only 
a s  f a r  n o r t h  as San Diego, C a l i f o r n i a  (32'50' N. La t . )  by Barnhart 
(1927), Pinkas (1961), and Kuo (1970). The l a t t e r  repor ted  only  14 
spawning bon i to  (49 t o  66 cm, 19.3 t o  26.0 inches FL) ou t  of 260 captured 
dur ing  t h e  f i v e  seasons 1964-68. This  is  approximately t h e  s i z e  of 
mature f i s h  sampled o f f  southern C a l i f o r n i a  dur ing  t h i s  s tudy.  
The absence of bon i to  l a r g e r  than  66 cm (26.0 inches)  FL i n  samples 
from southern  C a l i f o r n i a  could be  due t o  gear  s e l e c t i v i t y .  Maxwell and 
Schultze (1976 and 1977) r e p o r t  t h a t  bon i to  l a r g e r  than  62 cm (24.4 
inches)  FL were n o t  taken by fishermen aboard pa r tyboa t s  dur ing  1975 and 
1976, i n d i c a t i n g  t h a t  l a r g e  bon i to  may n o t  be  vu lne rab le  t o  hook and 
l i n e  o r  t h a t  s p o r t f i s h i n g  is  b ia sed  toward small f i s h .  
Such l a r g e  bon i to  could have spawned o f f  southern  C a l i f o r n i a .  However, 
none of t h e  191  f i s h  sampled from t h e  g i l l  n e t  f i s h e r y  dur ing  t h e  1975 and 
1976 spawning seasons were l a r g e r  t han  56 cm (22.0 inches)  FL, b u t  38 
of the  349 f i s h  sampled during t h e  off  seasons were 70 cm (27.6 inches) 
FL o r  l a r g e r  (Schultze, pers,  comun.) , Apparently g i l l  n e t s  a r e  less 
s e l e c t i v e  f o r  small bonito than i s  hook-and-line gear, so  l a r g e  f i s h  
probably would have been captured i f  they were present .  Also puree 
se ine r s  which catch l a rge  bonito primari ly (Thayer, 1973) did not catch 
them of f  southern Cal i fornia  during t h e  spawning season. 
During 1975 and 1976, spawning took place predominantly i n  the  a rea  
between Thet is  Bank and Hutchin's Bank, Baja Cal i fornia ,  which is  approx- 
imately t h e  center  of the  populat ion's  geographical range. Reproduc- 
t i o n  appeared minimal off  southern Cal i fornia  and bonito measuring 
l e s s  than 70 cm (27.6 inches) FL probably were t h e  only ones t h a t  spawned 
there.  
Frequency of Spawning 
Some authors (Clarks 1925, 1934; De Vildoso 1960; Kuo 1970) have 
used a frequency d i s t r i b u t i o n  of ova diameters, t o  help determine i f  
severa l  spawnings per f i s h  occurred each season. To study t h i s  possi- 
b i l i t y ,  I measured t h e  diameter of approximately 250,000 ova representing 
Q.1% of those present i n  304 maturing, mature, and spent females. Ova 
less than 0.16 mm (0.006 inches) i n  diameter and those from imumture, 
s tage  A, females w e r e  not measured (Table 3). 
In previous s tud ies ,  ova diameter frequencies from severa l  f i s h  
were combined; t h i s  was based on t h e  posi t ion  of t h e  l a r g e s t  mode f o r  
individual  females, and i t  was done p r inc ipa l ly  because of v a r i a t i o n  i n  
sexual development of f i s h  of comparable s i z e s  (De Vildoso 1960; Kuo 
1970). I n  t h i s  study most v a r i a b i l i t y  was found among the  f i s h  less than 
67 cm (26.4 inches) FL and 3 years o ld  t h a t  spawn l a t e  In the  season. 
Therefore,  I grouped t h e  ova measurements by s t a g e  of matur i ty  and 
month, and then  examined t h e  chronologica l  development of t h e  ova by 
us ing  frequency polygons (Figures  7-9). The polygons show t h a t  modal 
groups of maturing and advanced maturing ova do n o t  appear a s  t h e  spawn- 
i n g  season approaches. 
However, a d i s t i n c t  modal group of t h e s e  ova w a s  found dur ing  t h e  
spawning season;  t h e  mode w a s  apparent  only f o r  ova measuring 0.40 t o  
0.96 mm (0.16 t o  0.38 inches) .  This  d i s t i n c t  ba t ch  of ova was p re sen t  
i n :  i )  advanced maturing, s t a g e  C,  females dur ing  J u l y ,  1975, i i )  mature 
s t a g e  D, females dur ing  June and J u l y  of 1975 and February and June of 
1976 and i i i )  spen t ,  s t a g e  E, females during J u l y ,  1975 and June,  1976. 
This  mode a l s o  w a s  p re sen t  i n  mature bon i to  a t  t h e  commencement of 
spawning dur ing  February, 1976 and i n  spent  ones a t  t h e  te rmina t ion  of 
spawning. None of t h e  frequency polygons i n d i c a t e s  t h a t  d i s t i n c t  
ba tches  of mature ova disappeared dur ing  a spawning season o r  t h a t  a 
mature ba t ch  of ova would be  shed as a group, s o  i t  w a s  n o t  p o s s i b l e  t o  
determine t h e  number of times a p a r t i c u l a r  bon i to  might have spawned, 
Mature o r  r i p e  ova ranging between 1.04 and 2.00 mm (0.41 and 0.79 
inches)  i n  diameter  were p re sen t  i n  spawning f i s h  throughout t h e  season,  
as were smaller ova (Table 5, Figs .  7-9). More d e f i n i t i v e  information 
might have been acqui red  by sampling bimonthly o r  weekly, b u t  a l a c k  of 
f i s h  during some months and a shor tage  of manpower precluded t h i s .  
However, t he  evidence i n d i c a t e s  t h a t  bon i to  spawn more than  once 
during a season. The presence of a wide s i z e  range of f u l l y  mature ova 
and t h e  absence of a mode of t h e s e  same ova f o r  a prolonged spawning 
season of 2 t o  5 months showed t h a t  they  were probably no t  a l l  shed from 
t h e  ovary a t  t h e  same t i m e .  Fur ther  evidence of m u l t i p l e  spawning was 



demonstrated by t h e  presence of p a r t i a l l y  resorbed mature ova i n  the  
samples taken during the  f i r s t  month of each spawning season from 
seven spawning females ranging i n  s i z e  from 71 t o  77 cm (27.9 t o  30.3 
inches) FL (Table 10). Since the re  were no resorbed r i p e  ova found i n  
femalee sampled during t h e  non-spawning months, with t h e  exception of 
females from August of 1975, it seemed highly unlikely t h a t  t h e  p a r t i a l l y  
resorbed mature ova found a t  t h e  beginning of t h e  spawning season i n  
spawning f i s h  were remaining from a previous season (Figures 7-9, Table 
10). It is l i k e l y  t h a t  these  females had already spawned t h a t  season 
and would continue t o  spawn because t h e i r  ovar ies  contained l a r g e  numbers 
of mature ova; a l s o  4 months of t h e  spawning season remained s t i l l  ahead 
(Table 10) . 
Some evidence of mul t ip le  spawning was al luded t o  when t h e  r a t i o s  
of t h e  smallest s i z e  of developing ova measured, those between 0.16 and 
0.32 mm (0.06 and 0.13 inches) i n  diameter, t o  t h e  modal group of 
maturing and advanced maturing ova, those between 0.40 and 0.96 mm 
(0.16 and 0.38 inches) i n  diameter, were compared by month f o r  a l l  
spawning females (Table 11). The r a t i o s  of the  modal group of ova t o  the  
mature ova, those ova l a r g e r  than 0.96 mm (0.38 inches) i n  diameter, 
were a l s o  compared each month i n  spawning females (Table 11). The r a t i o s  
of t h e  smallest ova measured t o  the  intermediate-sized o r  modal group of 
ova appeared t o  remain f a i r l y  constant  wi th in  both seasons but  the  r a t i o s  
of the  modal group of ova t o  t h e  mature ova showed a decrease as t h e  1975 
spawning season progressed and an increase  a s  t h e  1976 season progressed. 
This appeares t o  contradic t  changes i n  t h e  r a t i o s  of t h e  modal group t o  
t h e  r i p e  o r  mature group between t h e  spawning females sampled i n  1975 
and those i n  1976. Possibly samples were not  taken o f ten  enough t o  
determine t h e  exact  chronological sequence of events within t h e  ovar ies  
i 
TABLE 10. Number and Percentage of Resorbed Mature Ova (1.04-2.00m) Found 
in  Subsamples* of Ova from 20 Fish During 1975 and 1976. 
Date Length Stage of No. No. Mature % Mature 
Fish No. Sampled (cm) Maturity Mature Ova Ova Resorbed Ova Resorbed 
Jun. -' 76 
11 I I 
TABLE 11. The Ratios of all Ova between 0.16 and 0.32 m to all Ova 
between 0.40 and 0.96 mm and the Ratios of all Ova between 
0.40 and 0.96 mm to all Ova Larger than 0.96 m in Spawning 
Females Sampled Each Month. 
Ratio 0.16-0.32 nxn Ratio 0.40-0.96 m 
Month - Year No. Females Ova to 0.40-0.96 mm Ova Ova to Ova 1.04 m + 
Mar. -' 75 11 
Jn.-'75 16 
Ju1.-'75 13 
Feb. -' 76 15 
Mar.-'76 8 
Jn.-'76 1 
of spawning f i s h .  However, I th ink t h a t  these  changes i n  the  r a t i o s  
do ind ica te  a continuous recruitment of ova i n  a l l  s tages  of develop- 
ment t o  a more advanced s t age  during the  spawning season. Apparently 
bonito must have a continuous supply of r i p e  ova each season and t h i s ,  
i n  turn ,  ind ica tes  t h a t  they spawn more than once within a season. 
Magnuson and Prescot t  (1966) repor t  t h a t  P a c i f i c  bonito,  i n  t h e  
laboratory,  exh ib i t  d i s c r e t e  court ing and pa i r ing  behavior; i f  such 
behavior occurs i n  the  open ocean it might help t o  explain t h e  d i f f i -  
cu l ty  I had i n  determining the  spawning frequency of individual  f i s h  
f o r  a s i n g l e  season. 
Bonito u t i l i z e  the  spawning grounds off  Baja Cal i fornia  during t h e  
spr ing and summer, and Bakun (1976) repor t s  l a r g e  d a i l y  v a r i a t i o n  i n  
the  s t r eng th  of upwelling the re  a t  t h a t  time. Col l ins  and MacCall (1977) 
report  a pos i t ive  re la t ionsh ip  between s t rong upwelling off  Baja Cali- 
fo rn ia  and reproductive success of bonito,  a s  measured by r e l a t i v e  re- 
cruitment i n t o  t h e  southern Ca l i fo rn ia  partyboat f i shery .  Since bonito 
appear t o  be "multiple" spawners with ova r i p e  f o r  shedding a t  any t i m e  
during t h e  season, they might take advantage of any change i n  the  environ- 
ment, such a s  s t rong upwelling, tha t  may be conducive t o  spawning success. 
Fecundity 
Estimates of fecundity were complicated by t h e  resorption of r i p e  
ova and by the  continuous maturing of ova throughout a spawning season 
(Tables 10, 11). In  addi t ion ,  many mature ova were present  i n  spent 
f i s h ,  s t age  E ,  a t  the  end of t h e  spawning season (Table 12). A t  t imes, 
more mature ova were found i n  spent f i s h  a t  t h e  end of a season than i n  
mature f i s h  of comparable length,  weight, and age a t  t h e  beginning 
TABLE 12. Number of Ova Measured i n  Each Stage of Development f o r  Mature Females Sampled t h e  
F i r s t  Month of Spawning and f o r  Spent Females a t  the  Termination of Spawning During 
t h e  1975 Season. 
Maturity Length Weight No. Ova No. Ova No. Ova > Total  No. 
Mo.-Yr. Stage (cm) l o 2  gm Age 0.16-0.32 mm 0.40-0.96 mn 1.04 & Ova Meas. 
(Table 12). These fac to r s  helped make fecundity estimates unre l iable .  
SUMMARY AND CONCLUSIONS 
A study of maturi ty and spawning of t h e  P a c i f i c  bonito was i n i t i a t e d  by 
the  Ca l i fo rn ia  Department of Fish and Game i n  September of 1974 t o  pro- 
vide information useful  f o r  management of t h i s  important spor t  and 
commercial f i sh .  
The lengths ,  weights, o t o l i t h s  and r e p ~ o d u c t i v e  organs were col lec ted  
from 792 male and female bonito captured between Point Conception, Cali- 
fo rn ia  and Cape San Lucas, Baja Cal i fornia  during a 2 year study. 
Two methods of determining t h e  s t age  of sexual  development i n  male 
and female bonito were compared; the  gonad index ( r a t i o  of gonad weight 
t o  t o t a l  body weight) was highly va r iab le  compared t o  d i r e c t  macroscopic 
examinations of t h e  testes and microscopic observations of t h e  ovar ies  
i n  individual  f i s h ,  so  t h e  d i r e c t  method was used. 
Males and females l a r g e r  than 66 cm (26.0 inches) FL and a t  l e a s t  
3 years o ld  spawned during a period of approximately 5 months each season. 
They spawned from March through Ju ly ,  1975 and February through June, 
1976. The smaller and younger bonito w e r e  i n  spawning condition during 
the  l a s t  2 t o  3 months of each season, ind ica t ing  an abbreviated spawning 
period. 
Estimates of the  percent of males and females by length and age 
t h a t  spawned each season showed t h a t :  i )  near ly  one-half (44%) of t h e  
males a t  1 year o ld  and less than 51  cm (20.1 inches) FL reproduced, 
i i )  no females less than 2 years o ld  and 56 c m  (22.0 inches) FL spawned 
i i i )  a l l  males a t  l e a s t  2 years o ld  and l a r g e r  than 50 cm (19.7 inches) 
FL reproduced and iv )  nearly a l l  (97.5%) of the  females a t  l e a s t  2 
years old and l a rge r  than 55 cm (21.6 inches) FL reproduced. 
During 1975 and 1976, spawning took place predominantly i n  the  
area  between Thet is  Bank and Hutchin's Bank, Baja Cal i fornia ,  which i s  
approximately the  center  of S. $. ZineoZata 's geographical range. 
During t h i s  study, reproduction appeared t o  be minimal off  southern 
California,  and bonito measuring less than 70 cm (27.6 inches) FL 
probably were the  only ones t h a t  spawned there.  
Analysis of ova diameter frequency polygons showed an intermediate 
mode of maturing ova and a small  number of mature ova i n  spawning f i s h  
throughout a season, ind ica t ing  t h a t  ova a r e  shed i n  small numbers 
over the  e n t i r e  season. This was fu r the r  indica ted  by a comparison of 
the  r a t i o s  of maturing ova t o  mature ova which shows recruitment of 
maturing ova t o  the  mature ova s t age  throughout t h e  season. This made 
it  d i f f i c u l t  t o  est imate t h e  number of times t h a t  bonito spawn within a 
season. 
Fecundity estimates were unre l i ab le  because of these f a c t s  and 
because a t  t i m e s ,  more mature ova were found i n  spent f i s h  a t  t h e  end of 
the season than i n  mature f i s h  of comparable length,  weight and age a t  
the  commencement of the  season. Estimates were f u r t h e r  complicated by 
the  presence of small numbers of p a r t i a l l y  resorbed mature ova i n  
spawning f i s h ;  there  was no indicat ion t h a t  ova were remnants from a 
previous spawning season.  
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